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(54) Improvements in structural deflection measurement 

(57) Apparatus for the measurement of out of plane 
displacements of a panel of material under test com- 
prises: a laser (2) capable of focusing a laser spot (8) 
onto the surface of the panel (6) of material; a line gen- 
erating lens (12) for converting the image of the pro- 
jected laser spot (8) into a focused line (22); and. a 
photo diode (1 6) responsive to illumination by laser light 
and so orientated and disposed in relation to the gener- 
ated laser line (22) tiiat the out of plane distortions of 
the panel (16) and resulting movement of the spot (8 to 
8') produce a corresponding translation of the gener- 
ated line (18) across the face of the photo diode (16) 
and the photo diode (16) produces a recordable output 
proportional to the out of plane deflection of the panel 
(6). 
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Description 

This invention relates to the testing of materials and 
to the measurement of deflections in materials and 
more particularly, but not exclusively, to the measure- 
ment of such deflections and deformations which occur 
at high speed, acceleration and frequency during struc- 
tural testing. 

The measurement of deflections and deformations 
forms one of the key areas of research and develop- 
ment in the field of materials testing. With the increased 
availability of new and high performance materials such 
as cartDon fibre composites industry has been investing 
in the development of useful applications for such mate- 
rials. Investigation into the engineering potential of 
these materials has been a major source of investment 
in many industries including the aerospace industry. 
The driving force behind the structural engineering 
research and development being conducted within the 
aerospace industry is to develop a lighter, stronger and 
more cost effective alternative to traditional metallic 
alloy structures and components. 

Modern computational software analysis allows the 
simulated testing of new materials over a wide range of 
'in service' load scenarios such as static, fatigue, aeep, 
and dynamic loading conditions. 

State of the art materials testing methods used for 
the determination of deflections in mechanical structure 
include the use of electro-mechanical transducers to 
physically measure movement In discrete directions and 
optical methods that rely on phenomena such as Moird 
fringe Interferometry 

In the case of impact and fatigue testing , software 
techniques are being more exter^ively used in order to 
help overcome practical difficulties associated with the 
particular requirements of such tests. For example, in 
testing the effects of birdstrikes on aircraft structures, 
the speed, acceleration and frequency of deflection of 
the structure and tiierefore the information capture rates 
required make the use of techniques such as projection 
Moir^ fringe Interferometry botii technically complicated 
and expensive. 

A proposed alternative method for measuring high 
speed, acceleration and frequency deflections in struc- 
tures utilises the out of plane movement of a projected 
laser spot focused onto a panel under test. The 
reflected spot is focused onto a CCD element and the 
movement of the spot across tiie CCD element is cali- 
brated such that it is proportional to the deflection of the 
panel under test. The method provides a digital meas- 
urement system by virtue of the fact that a CCD element 
is essentially a linear array of discrete charge coupled 
devices arranged to receive light energy inputs. The 
light Input readings recorded by each element of the 
CCD take a finite time to be converted into recordable 
infonnation and subsequently moved to a register 
address tor future recall and analysis, consequently lim- 
itations with this method become prevalent as the 



speed, acceleration and frequency of deflections to be 
measured increase. 

Any testing method that requires the recording of 
high speed events relies on the ability of the system to 

5 respond at a capture rate fast enough to ensure that all 
relevant deflection data has been recorded. For very 
high speed applications such as birdstrike analysis the 
laser spot and CCD element method does not have a 
sufficiently fast capture rate and so a higher capture rate 

10 method is required. 

High speed photography using both film and video 
media is also used for the recording and analysis of 
deflections in materials under test. The capture rates of 
such systems are typically in the order of 1000 frames 

75 per second but for the purposes of ballistic testing e.g. 
birdstrike tests on aircraft structure, the capture rate 
would need to be in the order of 6000 frames per sec- 
ond. These capture rates are possible witii new film 
techniques but requlre.levels of event, film and lighting 

20 synchronisation that make their use both technically 
very difficult and expensive. 

Our invention utilises the laser spot projection 
apparatus of the above example but the CCD elements 
for recording the movement of the laser spot as the test 

25 piece deflects are replaced with novel means for con- 
verting the movement into a recordable data stream so 
as to allow significantly higher speed deflections and 
movement rates to be recorded. 

According to the present invention In one aspect 

30 thereof there is provided apparatus for the measure- 
ment of out of plane displacements of a panel of mate- 
rial under test characterised in that it comprises; 

a laser capable of focusing a laser spot onto tiie 
35 surface of the panel of material; 

a line generating lens for converting tiie reflected 
image of the projected laser spot into a focused 
line; and, 

a photo diode responsive to illumination by laser 
40 light and so orientated and disposed In relation to 
the generated laser line that the out of plane distor- 
tions of the panel and resulting movement of tiie 
spot produce a corresponding translation of tiie 
generated line across the face of tiie photo diode, 
45 and the photo diode produces a recordable output 
proportional to the out of plane deflection of the 
panel. 

According to the invention In a furtiier aspect 
50 thereof there is provided a method of measuring out of 
plane deflections in a material under test characterised 
in that the metiiod comprises the steps of; 

focusing laser energy Into a spot on the surface of 
55 the rnaterial under test; 

placing a line generating lens to intercept laser 
energy r^lected from the spot and to convert the 
image of the spot into a focused line; and. 
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placing and orientating a photcxliode In the path of 
the focused line such that in use, as the laser spot 
moves In response to the out of plane deflections of 
the material, the generated line moves correspond- 
ingly aaoss the photo-diode and the photcxjiode 
produces an output signal proportional to the out of 
plane deflection of the material. 

The invention provides a sinrple and effective 
method of measuring out of plane displacements of 
materials under test by utilising the properties of a pro- 
jected laser spot directed at the surface of a material 
under test. The reflected energy of the laser spot is con- 
verted into a line distribution by a line generating lens 
and the generated line is focused onto the photo diode. 
As the material under test displaces under load the spot 
and therefore the generated line, move across the photo 
diode thereby produdng an output con^esponding to the 
deflection of the said material . This novel apparatus 
and method therefore effectively converts the previously 
known digital CCD system to an analogue system with 
a corresponding increase in possible data capture rate. 

An embodiment of the invention will now be 
described by way of a non-limiting example only, with 
reference to Rgure 1 which shows a schematic diagram 
of apparatus in accordance with the invention. 

In Figure 1 . a laser spot generating means 2 is posi- 
tioned so as to focus a laser spot 8 in a direction 4 onto 
a structural panel 6 under test. A line generating lens 12 
is positioned to Intercept the laser spot 8 reflected in a 
direction 10 and to generate a reference line 22 which is 
focused onto the photo diode 16 at location 18. 

As the panel 8 is deformed out of plane, the laser 
spot 8 moves to a position 8'. The image of this reposi- 
tioned spot 8* is now viewed by the line generating lens 
1 2 along a new direction 1 0'. This results in the line gen- 
erated by the lens 22 being moved to position 22' and 
con^espondingly the position of the line 22* projected 
onto the photo diode 16 moves to a new position 20. 

The electrical output of the photo diode 16 Is 
directly proportional to the population density of the of 
the light falling aaoss the active cross section of the 
diode. As such, the change In magnitude of the electri- 
cal output of the diode 16 is directly related to the dis- 
placement 8-8* in the panel 6. If the panel is vibrating 
with simple harmonic motion the output of the photo- 
diode will be a sinusoidally amplitude varying signal 
having a frequency corresponding to the frequency of 
the vibration of the panel. The time varying signal pro- 
duced by the photo-diode may be processed for analy- 
sis by conventional signal processing arrangements 
(not shown) to provide information about the variation in 
behaviour of the panel under different load and operat- 
ing conditions. 

Claims 

1 . Apparatus for the measurement of out of plane dis- 



placements of a panel of material under test char- 
acterised in that the apparatus comprises; 

a laser (2) capable of focusing a laser spot (8) 
5 onto the surface of the panel (6) of material: 

a line generating lens (12) for converting the 
image of the projected laser spot (8) into a 
focused line (22); and, 

a photo diode (16) responsive to illumination by 
10 laser light and so orientated and disposed In 

relation to the generated laser line (22) that the 
out of plane distortions of the panel (16) and 
resulting movement of the spot (8 to &) pro- 
duce a corresponding translation of tine gener- 
15 ated line (18) across tiie face of the photo 

diode (16) and tiie photo diode (16) produces a 
recordable output proportional to the out of 
plane deflection of the panel (6). 

20 2. A mettiod of measuring out of plane deflections in a 
material under test, characterised in that the 
mettiod comprises the steps of; 

focusing laser energy means into a spot (8) 
25 onto tiie surface of the material (6)under test; 

placing a line generating lens (12) to intercept 
laser energy reflected from tiie said spot (8) 
and to convert the Image of the spot (8) into a 
focused line (22); and 
30 placing and orientating a photo-diode (16) In 

the patii of the focused line (22) such tiiat in 
use, as tiie laser spot (8) moves (8') in 
response to the out of plane deflections of tiie 
material (6), tiie generated laser line (22) 
35 moves (22*) con^espondingly across the photo- 

diode (16) and tiie photo diode (16) produces 
an output proportional to the out of plane 
deflection of the material (6). 
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(54) Improvennents In structural deflection measurement 

(57) Apparatus for the measurement of out of plane 
displacements of a panel of material under test com- 
prises: a laser (2) capable of focusing a laser spot (8) 
onto the surface of the panel (6) of material; a line gen- 
erating lens (12) for converting the image of the pro- 
jected laser spot (8) into a focused line (22); and, a 
photo diode (16) responsive to illumination by laser light 
and so orientated and disposed in relation to the gener- 
ated laser line (22) that the out of plane distortions of 
the panel (16) and resulting movement of the spot (8 to 
8') produce a corresponding translation of the gener- 
ated line (18) across the face of the photo diode (16) 
and the photo diode (16) produces a recordable output 
proportional to the out of plane deflection of the panel 
(6). 
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